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DESCRIPTION 



VA NE ROTARY EXPANDER 

TECHNICAL FIELD 

The present invention relates to an expander used as a 
motor which generates rotating power when a high-pressure 
compressed liquid flows thereinto. 

BACKGROUND ART 

A vane rotary expander is a kind of displacement type fluid 
machinery, of which basic structure is disclosed in, for example, 
Japanese Patent Laid-Open Publication No. 57-210101. 

Now, the configuration of the vane rotary expander will 
be described below. Fig. 4 is a transverse sectional view 
showing a conventional vane rotary expander. The reference 
numeral 1 denotes a cylinder having a cylindrical inner wall 
la. The cylinder 1 has side plates (not illustrated in the 
figure) disposed at its both ends. Inside of the cylinder 1, 
a cylindrical rotor 3 is disposed, and an outer circumferential 
segment of the cylindrical rotor 3 defines a small clearance 

2 together with the inner wall la of the cylinder 1. The rotor 

3 has grooves 3a formed perpendicularly to its top and bottom 
end surfaces at an interval of 90 degrees. Vanes 4 are inserted 
into the grooves 3 at the respective ends thereof so as to be 
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freely slidable, and the other ends of the vanes 4 are in contact 
with the inner wall la of the cylinder 1. An operating chamber 
5 is formed at spaces 5a, 5b, 5c, 5d, and 5e surrounded by the 
inner wall la of the cylinder 1, the rotor 3, and the vanes 4. 
5 A shaft 6 formed integrally with the rotor 3 is rotatably 

supported by means of an axis. The cylinder 1 has an intake 
7, through which an operating fluid is forced to flow into the 
operating chamber 5, and a discharge port 8, through which the 
operating fluid is forced to discharge from the operating 

10 chamber 5. Note that the discharge port 8 has an opening portion 
8a, which opens within a given circumferential range on the inner 
wall la of the cylinder 1 . Assuming that the number of the vanes 
4 is n, the range, where the opening portion 8a is formed, starts 
at a position of {180 x (1 + 1/n) } degrees from the small 

15 clearance 2 in the direction where the shaft 6 rotates indicated 
by an arrow in the figure and ends at a position in the vicinity 
of the small clearance 2. Note that in Fig. 4, the range of 
the opening 8a starts at a point of 225 degrees from the small 
clearance 2 because the number of the vanes 4 is four. On the 

20 side of the cylinder 1, a cover 9 is attached, inside of which 
a suction channel 10 for guiding the operating fluid into the 
intake 7, a discharge chamber 11 for temporarily storing the 
operating fluid flowing out from the discharge port 8, and a 
discharge channel 12 for discharging the operating fluid out 

25 from the discharge chamber are formed. 
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Now, focusing on the operating chamber 5, the operation 
principle of the vane rotary expander will be described below. 
Initially, the operating chamber is generated in the space 5a 
on the intake 7 side of the small clearance 2. Then, as the 
5 rotor 3 rotates, the operating chamber 5 performs a process for 
sucking the operating fluid from the intake 7 under a pressure 
Ps on the high-pressure side while increasing its volume, namely 
a suction process. As soon as the operating chamber 5 reaches 
the space 5b, a communication to the intake 7 is shut off, forming 

10 an enclosed space. Thereafter, the operating chamber 5 

performs a process for depressurizing the operating fluid 
contained therein while increasing its volume as the rotor 3 
rotates, namely an expansion process. The operating chamber 
5 communicates to the opening portion 8a of the discharge port 

15 8 immediately after reaching its maximum volume in the space 
5c. Then, the operating chamber 5 performs a process for 
discharging the operating fluid into the discharge chamber 11 
through the discharge port 8 while decreasing its volume as the 
rotor 3 rotates, namely a discharging process. 

20 The vane rotary expander rotates the rotor 3 by means of 

a force exerted on the vane 4, which is generated using a 
difference in pressure between two adjacent operating chambers 
5, while the operating fluid expands and a pressure thereof is 
depressur i zed in the expansion process to obtain the power for 

25 rotating the shaft 6 integrally formed with the rotor 3. 
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In the case of a conventional vane rotary expander having 
the above-mentioned structure, the volume of sucked fluid is 
equal to the volume Vb of the space 5b, where the operating 
chamber 5 is situated immediately after the suction process ends 
5 and the volume of discharged fluid is equal to the volume Vc 
of the space 5c, where the operating chamber 5 is situated 
immediately before the discharging process begins. Since Vb 
and Vc are specific to the expanders, a volume ratio (Vb/Vc) 
remains constant. Assuming that the adiabatic coefficient of 

10 the operating fluid is k, the pressure applied to the space 5c, 
where the operating chamber 5 is situated immediately before 
the discharging process, is Pc, and the pressure applied to the 
space 5b, where the operating chamber 5 is situated immediately 
after the suction process, is Ps, the following relational 

15 equation (1) is established. 

Pc = Ps x (Vb/Vc) K (1) 

The pressure Pc applied to the space immediately before 
the discharging process can be found by assigning values to the 
suction pressure Ps, which is a pressure at the inlet of the 

20 expander, and to the volume ratio Vb/Vc, respectively, from the 
above equation. Since the pressure Pd on the low-pressure side 
at the outlet of the expander, however, does not always remain 
constant because it depends on a system where the expander is 
incorporated. Accordingly, it is assumed that in addition to 

25 complete expansion (Pc = Pd) , incomplete expansion (Pc > Pd) 
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or overexpansion ( Pc < Pd) may occur. Figs. 5A and 5B are graphs 
illustrating the P-V relationship for the operating chamber 5. 
Fig. 5A is a graph illustrating en example of incomplete 
expansion (Pc > Pd) and Fig. 5B is a graph showing an example 
5 of overexpansion (Pc < Pd) . 

With reference to Fig. 5A, the /example of incomplete 
expansion (Pc > Pd) will be described below. In the suction 
process represented by an A-B line in Fig. 5A, the operating 
chamber 5 sucks the operating fluid through the intake 7 while 

10 increasing its volume up to Vb under the suction pressure Ps . 
In the expansion process represented by a B-C line, the volume 
of the operating fluid contained in the operating chamber 5 
adiabatically expands up to Vc under the pressure Pc. At a point 
C, the operating chamber 5 is situated in the space 5c as shown 

15 in Fig. 4 and communicates to the opening portion 8a of the 
discharge port 8 as soon as the rotor 3 rotates by a small 
distance. At that time, the pressure Pc applied to the 
operating chamber 5 is higher than the pressure Pd applied to 
the discharge chamber 11 due to incomplete expansion, forcing 

20 the operating fluid to flow into the discharge chamber 11 through 
the discharge port 8. For this reason, the pressure applied 
to the operating chamber 5 drops from Pc to Pd while the volume 
of the operating chamber 5 remains constant, namely Vc . This 
process is represented by a C-F line shown in Fig. 5A. In the 

25 discharging process represented by an F-G line, the operating 
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chamber 5 reduces its volume under the discharge pressure Pd. 
The power obtained by the expander through the processes 
mentioned above corresponds to an area ABCFG. On the other hand, 
the power obtained in the complete expansion (Pc = Pd) process, 
5 corresponds to an area ABEG. Accordingly, it may be considered 
that a loss corresponding to an area CEF due to incomplete 
expansion has occurred in the expander. 

Now, with reference to Fig, 5B, an example of over expansion 
(Pc < Pd) will be described below. In the suction process 

10 represented by the A-B line, the operating chamber 5 sucks the 
operating fluid through the intake 7 while increasing its volume 
up to Vb under the suction pressure Ps . In the expansion process 
represented by the B-C line, the volume of the operating fluid 
contained in the operating chamber 5 adiabatical ly expands up 

15 to Vc under the pressure Pc . At the point C, the operating 
chamber 5 is situated in the space 5C as shown in Fig. 4 and 
communicates to the opening portion 8a of the discharge port 
8 as soon as the rotor 3 rotates by a small distance. At that 
time, the pressure Pc applied to the operating chamber 5 is lower 

20 than the pressure Pd applied to the discharge chamber 11 due 
to overexpansion, forcing the operating fluid to flow back into 
the operating chamber 5 from the discharge chamber 11 through 
the discharge port 8. For this reason, the pressure applied 
to the operating chamber 5 increases from Pc to Pd while the 

25 volume of the operating chamber 5 remains constant, namely Vc . 



This process is represented by a C-H line shown in Fig. 5B. In 
the discharging process represented by an H-J line, the 
operating chamber 5 reduces its volume under the discharge 
pressure Pd. The power obtained by the expander through the 
suction and expansion processes mentioned above corresponds to 
an area ABCD. However, since additional power corresponding 
to an area JHCD is consumed to flow back the operating fluid 
through overexpansion in the discharging process, the actual 
power obtained through all the processes is equal to a difference 
between the powers corresponding to the respective areas ABCD 
and JHCD. On the other hand, the power obtained in the complete 
expansion (Pc = Pd) process, corresponds to an area ABU. 
Accordingly, it may be considered that a loss corresponding to 
an area IHC due to overexpansion has occurred in the expander. 

As known from the above descriptions, the conventional 
vane rotary expanders have a problem in that since a loss due 
to incomplete expansion or overexpansion is caused because of 
their volume ratios Vc/Vb being unchanged, they can obtain only 
the power lower than the power which may be generated by means 
of the operating fluid in the complete expansion process. 

In order to solve the above-mentioned problem involved 
with the conventional vane rotary expanders, an object of the 
present invention is to provide a high-efficiency vane rotary 
expander, wherein a plurality of discharge ports are formed in 
the circumferential direction on the inner wall of the cylinder 
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and the volume ratio is variable to prevent a loss in power from 
occurring . 

DISCLOSURE OF THE INVENTION 

To solve the above-mentioned problem, a vane rotary 
expander of the present invention includes at least a plurality 
of operating chambers for expanding a high-pressure operating 
fluid and a shaft for obtaining a rotating power by means of 
expansion of the operating fluid in the operating chambers, 
wherein a plurality of discharge ports comprising a discharge 
port which firstly communicates to the operating chamber 
involving in a discharging process and a discharge port which 
secondly communicates to the same operating chamber are provided, 
and a valve mechanism for preventing the operating fluid from 
flowing back is provided at least to the firstly communication 
discharge port. 

Moreover, a vane rotary expander of the present invention 
including: a cylinder having a cylindrical inner wall; side 
plates closing its both ends; a rotor disposed in the cylinder, 
an outer circumferential segment of the rotor defining a small 
clearance together with the inner wall of the cylinder; vanes 
inserted into vane grooves formed in the rotor at respective 
ends thereof so as to be freely slidable, the other ends of the 
vanes sliding against an inner wall of the cylinder to form a 
plurality of operating chambers between the cylinder and the 
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rotor; and a shaft integrally formed with the rotor, the shaft 
being rotatably supported by means of an axis; obtains a power 
for rotating the shaft by expanding a high-pressure operating 
fluid in the operating chamber, comprising: a plurality of 
5 discharge ports having a discharge port which firstly 

communicates to the operating chamber involving in a discharging 
process and a discharge port which secondly communicates to the 
same operating chamber, both being provided in a circumferential 
direction of the cylinder; and a valve mechanism preventing the 

10 operating fluid from flowing back being provided at least to 
the firstly communicating discharge port. 

Further, in the vane rotary expander of the present 
invention, when the number of the vanes is n, the firstly 
communicating discharge port is formed in the cylinder at a 

15 position of approximate {180 x (1 + 1/n) } degrees from the small 
clearance in a direction where the shaft rotates, and the 
succeedingly communicating discharge port is formed in the 
cylinder at any position in an area from an angle of approximate 
{180 x (1 + 1/n) } degrees to an angle of 360 degrees from the 

20 small clearance in the direction where the shaft rotates. 

Additionally, in the vane rotary expander of the present 
invention, a central angle around the shaft on the cylinder 
between the firstly communicating discharge port and the 
succeeding communicating discharge port and/or between the 

25 succeeding communicating discharge ports is smaller than or 
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equal to (360/n) degrees. 

Furthermore, the vane rotary expander of the present 
invention is operated by means of an operating fluid expanding 
into a gas-liquid two phase from a liquid phase or a 
supercritical phase . 

In addition, the vane rotary expander of the present 
invention is operated by means of an operating fluid containing 
carbon dioxide as a main component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a transverse sectional view of a vane rotary 
expander according to a first embodiment of the present 
invention; 

Fig. 2 is a graph showing the P-V relationship for the 
operating chamber of the vane rotary expander according to the 
first embodiment of the present invention; 

Fig. 3 is a transverse sectional view of a vane rotary 
expander according to a second embodiment of the present 
invention; 

Fig. 4 is a transverse sectional view showing a 
conventional vane rotary expander; and 

Figs. 5A and 5B are graphs showing the P-V relationships 
for the operating chamber of the conventional vane rotary 
expander . 



11 

BEST MODE FOR CARRYING OUT THE INVENTION 

Now, the embodiments of the present invention will be 
described below with reference to the accompanying drawings, 
(First Embodiment ) 
5 Fig. 1 is a transverse sectional view of a vane rotary 

expander . according to a first embodiment of the present 
invention. The reference numeral 21 denotes a cylinder having 
a cylindrical inner wall 21a. The cylinder also has side plates 
(not illustrated in the figure) disposed at its top and bottom 

10 ends. Inside the cylinder 21, a cylindrical rotor 23 is 
disposed, and an outer circumferential segment of said 
cylindrical rotor 23 defines a small clearance 22 together with 
the inner wall 21a of the cylinder 21. The rotor 23 has grooves 
23a formed perpendicularly to its top and bottom end surfaces 

15 at an interval of 90 degrees. Vanes 24 are inserted into the 
grooves 23a at the respective ends thereof so as to be freely 
slidable, and the other ends of the vanes 24 are in contact with 
the inner wall 21a of the cylinder 21. An operating chamber 
25 is formed at spaces 25a, 25b, 25c, 25d, and 25e surrounded 

20 by the inner wall 21a of the cylinder 21, the rotor 23, and the 
vanes 4. A shaft 26 formed integrally with the rotor 23 is 
rotatably supported by means of an axis. The cylinder 21 has 
an intake 27, through which an operating fluid is forced to flow 
into the operating chamber 25, and a first discharge port 28 

25 and a second discharge port 29 for flowing the operating fluid 



i 

* * 

12 

out from the operating chamber 25 are formed in the cylinder 
21. Assuming that the number of the vanes 24 is n, the first 
discharge port 28 is formed at a position of {180 x (1 + 1/n) } 
degrees from the small clearance (a position where the clearance 
5 defined between the rotor 23 and the inner wall 21a of the 
cylinder becomes smallest) 22 in a direction where the shaft 
26 rotates, as indicated by an arrow. In Fig. 1, the discharge 
port 28 is positioned at 225 degrees because the number of the 
vanes 24 is four. In addition, the first discharge port 28 is 

10 provided with a valve mechanism comprising a lead valve 30a and 
a valve stop 30b incorporated. The second discharge port 29 
has been formed in the vicinity of the small clearance 22 and 
has such a shape that its part contains an area from the small 
clearance 22 to a position of 315 degrees in the direction where 

15 the shaft 26 rotates with no valve mechanism. Note that the 
position of the second discharge port 29 is not limited to those 
as described above and such a configuration is accepted that 
a central angle defined around the shaft 26 on the inner wall 
21a of the cylinder 21 between the first and second discharge 

20 ports 28 and 29 is smaller than or equal to (360/n) degrees 
assuming that the number of the vanes 24 is n and the second 
discharge port 29 contains an area in the vicinity of the small 
clearance 22. 

The intake 27 is formed at a position where a relational 
25 equation (2) is established between the volume Vb of the space 
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25b, where the operating chamber 25 is situated at the end of 
the suction process and the volume Vc of the space 25c, where 
the operating chamber 25 is situated when reaching its maximum 
volume, using the maximum value Rmax for an expansion ratio 
5 expected for the system in which the expander is incorporated 
and a diabetic coefficient k for the operating fluid. 
Vb = Vc x (1/Rmax) 1/K (2) 

Note that the volume Vb of the space 25b, where the 
operating chamber 25 is situated at the end of the suction 

10 process, decreases as the position of the intake 27 comes close 
to the small clearance 22, while it increases as it goes away 
from the small clearance 22. By forming the intake 27 at the 
position satisfying the above-mentioned equation (2), 
incomplete expansion (Pc > Pd) is prevented from occurring, 

15 allowing for constant overexpansion (Pc < Pd) . 

On the side of the cylinder 21, a cover 31 is attached, 
inside which a suction channel 32 for guiding the operating fluid 
into the intake 27, a discharge chamber 33 for temporarily 
storing the operating fluid flowing out from the first and second 

20 discharge ports 28 and 29, and a discharge channel 34 for flowing 
the operating fluid out from the discharge chamber 33 are formed. 

Now, focusing on the operating chamber 25, the operation 
principle of the vane rotary expander according to the present 
embodiment will be described below. Fig. 2 is a graph showing 

25 a P-V relationship for the operating chamber 25 of the vane 



rotary expander according to the first embodiment. Initially, 
the operating chamber 25 is situated in the space 25a on the 
intake 27 side of the small clearance 22. Then, as the rotor 
23 rotates, the operating chamber 25 performs a process for 
sucking the operating fluid through the intake 27 under a 
pressure Ps on the high-pressure side while increasing its 
volume, namely a suction process. The suction process is 
represented by an A-B line in Fig. 2. As soon as the operating 
chamber 25 reaches the space 25b, a communication to the intake 
27 is shut off, forming an enclosed space. Thereafter, the 
operating chamber 25 performs a process for depressurizing the 
operating fluid contained therein while increasing its volume 
as the rotor 23 rotates, namely an expansion process. A B-C 
line in Fig. 2 represents the expansion process. The volume of 
the operating chamber 25 reaches its maximum value at the 
position of the space 25c. 

At this point corresponding to C in Fig. 2, overexpans ion 
occurs where the pressure Pc applied to the operating chamber 
25 is lower than the discharge pressure Pd . As soon as the rotor 
23 moves by a small distance, the operating chamber 25 situated 
in the space 25c communicates to the first discharge port 28. 
At that time, if no lead valve 30a has been attached to the first 
discharge port 28, the operating fluid flows into the operating 
chamber 25 from the discharge chamber 33 under the pressure Pd 
and the pressure applied to the operating chamber 25 increases 
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up to Pd from Pc while the volume of the operating chamber 25 
remains constant, namely Vc. As shown in Fig. 2, the process 
proceeds from C to H. On the other hand, since the vane rotary 
expander according to the present embodiment incorporates the 
5 lead valve 30a attached to the first discharge port 28, and the 
lead valve 30a closes the first discharge port 28 by means of 
a difference between the pressure Pd applied the discharge 
chamber 33 and the pressure Pc applied to the operating chamber 
25, the operating fluid is prevented from flowing from the 

10 discharge chamber 33 into the operating chamber 25. Then, the 
operating chamber 25 decreases its volume as the rotor 23 rotates, 
while compression occurs in the operating chamber 25 because 
the first discharge port 28 is closed by the lead valve 30a and 
the pressure increases following the C-B line in Fig. 2 again. 

15 As soon as the pressure applied to the operating chamber 25 
exceeds Pd, namely at the point I shown in Fig. 2, the lead valve 
30a opens for the first time. The process represented by a C-I 
line is referred to as a recompression process. Thereafter, 
the operating chamber 25 performs a process for discharging the 

20 operating fluid under the pressure Pd on the low pressure side 
out from the first discharge port 28 while decreasing its volume 
as the rotor 23 rotates, namely a discharging process. In the 
discharging process, a communication to the first discharge port 
28 is shut off while the operating chamber 25 moves from the 

25 space 25d to the space 25e. However, the operating fluid is 
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discharged continuously from the operating chamber 25 through 
the second discharge port 29 because the second discharge port 
29 has such a shape that its part contains a position of 315 
degrees from the small clearance 22 in the direction where the 
5 shaft 26 rotates, namely a position of (360/n) degrees, an 
interval of the vanes 24, apart circumf erentially from the first 
discharge port 28 assuming that the number of the vanes 24 is 
n. The discharging process is represented by an I-J line in 
Fig. 2 . 

10 In the present embodiment, by forming two discharge ports 

28 and 29, the operating chamber 25 communicates to another 
second discharge port 29, preventing the operating fluid from 
being not capable of flowing out from the operating chamber 25 
during the discharging process, even when a communication 

15 between the operating chamber 25 situated in the space 25d and 
the first discharge port 28 is shut off as the rotor 23 rotates. 
Note that the first and second discharge ports 28 and 29 may 
be formed with a gimlet from the outside of the cylinder 21, 
enabling a vane rotary expander to be provided which is easier 

20 to process and requires lower cost compared with the 

conventional vane rotary expander, in which the opening portion 
8a of the discharge port 8 is formed on the inner wall la of 
the cyl inder 1 . 

The first and second discharge ports 28 and 29 are placed 

25 in such a manner that the central angle defined around the shaft 



26 on the wall 21a of the cylinder 21 between the first and second 
discharge ports 28 and 29 is (360/n) degrees or less assuming 
that the number of the vane 24 is n and the second discharge 
port 29 may contain an area in the vicinity of the small clearance 
22. Thus, the operating chamber 25 communicates to at least 
one of the first and second discharging ports 28 and 29 in the 
discharging process, preventing a loss due to compression from 
occurring when the operating chamber 25 becomes an enclosed 
space during the discharging process. 

In addition, by attaching the valve mechanism comprising 
the lead valve 30a and the valve stop 30b to the first discharge 
port 28, the operating fluid is prevented from flowing into the 
operating chamber 25 from the discharge chamber 33 in the 
overexpansion process and recompression to the discharge 
pressure Pd is performed, providing a high-efficiency vane 
rotary expander without a loss due to expansion (corresponding 
to an area IHC shown in Fig. 2), which has been found in the 
conventional vane rotary expanders. 

Moreover, since the valve mechanism comprising the lead 
valve 30a and the valve stop 30b may be attached only to the 
first discharge port 28 and not to the second discharge port 
29, a high-efficiency vane rotary expander is provided at a lower 
cost . 

Furthermore, by forming the first discharge port 28 at 
the position of {180 x (1 + 1/n) } degrees from the small clearance 
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22 in the direction where the shaft 26 rotates, the operating 
chamber 25 communicates to the first discharge port 28 as soon 
as the volume of the operating chamber 25 reaches its maximum 
value, increasing the expansion ratio Rmax . 
5 Accordingly, by actively causing overexpans ion while 

preventing loss due to incomplete expansion, effects of the 
valve mechanism obtained in the recompression process is used 
effectively, enabling a high-efficiency vane rotary expander 
to be provided, 

10 (Second Embodiment) 

Fig. 3 is a transverse sectional view of a vane rotary 
expander according to a second embodiment of the present 
invention. The reference numeral 41 denotes a cylinder having 
a cylindrical inner wall 41a and side plates at its top and bottom 

15 ends (not illustrated in the figure) . Inside of the cylinder 
41, a cylindrical rotor 43 is disposed, and an outer 
circumferential segment of the cylindrical rotor 43 defines a 
small clearance 42 together with the inner wall 41a of the 
cylinder 41. The rotor 43 has grooves 43a formed 

20 perpendicularly to its top and bottom end surfaces at an interval 
of 60 degrees. Vanes 44 are inserted into the grooves 43a at 
the respective ends thereof so as to be freely slidable, and 
the other ends of the vanes 44 are in contact with the inner 
wall 41a of the cylinder 41. An operating chamber 45 is formed 

25 at spaces 45a, 45b, 45c, 45d, 45e, 45f, and 45g surrounded by 
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the inner wall 41a of the cylinder 41, the rotor 43, and the 
vanes 44. A shaft 46 formed integrally with the rotor 43 is 
rotatably supported by means of an axis. The cylinder 41 has 
an intake 47 for guiding an operating fluid into the operating 
5 chamber 45 and first, second, and third discharge ports 48, 49, 
and 50 for flowing the operating fluid out from the operating 
chamber 45. Similarly to the vane rotary expander according 
to the first embodiment, the first discharge port 48 is formed 
at a position of {180 x (1 + 1/n) } degrees from the small 

10 clearance 42 in the direction where the shaft 46 rotates as 
indicated by an arrow assuming that the number of the vanes 44 
is n. In Fig. 3, the first discharge port 48 is formed at a 
position of 210 degrees from the small clearance 42 because the 
number of the vanes 44 is six. In addition, a valve mechanism 

15 comprising a lead valve 51a and a valve stop 51b has been attached 
to the first discharge port 48. The second discharge port 49 
is formed at a position of 270 degrees from the small clearance 
42 and has the same type of valve mechanism comprising a lead 
valve 52a and a valve stop 52b as that of the first discharge 

20 port 48. The third discharge port 50 is formed at a position 
of 330 degrees with no valve mechanism. Note that the positions 
of the second and third discharge ports 49 and 50 are not limited 
to those as described above and may be formed at any position 
as long as the central angle defined around the shaft 46 on the 

25 inner wall 41a of the cylinder 41 among the first, second, and 



third discharge ports 48, 49, and 50 is smaller than or equal 
to (360/n) degrees assuming that the number of the vanes 44 is 
n and the third discharge port 50 contains an area in the vicinity 
of the small clearance 42. 

In the present embodiment, similarly to the first 
embodiment, such a volume ratio is used that overexpans ion may 
occur even at the maximum value for the expansion ratio expected 
for the system where the vane rotary expander is incorporated. 

The operation principle according to the second 
embodiment is almost the same as that according to the first 
embodiment, involving the suction, expansion, recompression, 
and discharging processes with an exception of the number of 
the vanes 44 being different. 

In the second embodiment, when the position of the intake 
47 is set at the same position of the intake 27 in the first 
embodiment by using six vanes 44, the volume ratio (Vd/Vb) , a 
ratio between the volume Vb of the space 45b, where the operating 
chamber 45 is situated immediately after the suction process, 
and the volume Vd of the space 45d where the operating chamber 
45 is situated immediately before the discharging process are 
increased compared with the case where the number of the vanes 
is four in the first embodiment. For this reason, the vane 
rotary expander may be incorporated in any system with a larger 
expansion ratio. 

In addition, since three discharge ports 48, 49, and 50 
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are formed in such a manner that the central angle around the 
shaft 46 on the inner wall 41a of the cylinder 41 among the 
discharge ports 48, 49, and 50 is smaller than or equal to (360/n) 
degrees assuming that the number of the vanes 44 is n and the 
5 third discharge port 50 is formed in the vicinity of the small 
clearance 42, the operating chamber 45 communicates to the 
second discharge port 29 before the communication to the first 
discharge port 48 is shut off when the chamber 45 is situated 
in the space 45e, and similarly, the operating chamber 45 

10 communicates to the third discharge port 50 before the 

communication to the second discharge port 49 is shut off. This 
prevents a loss due to compression from occurring when the 
operating chamber 45 becomes an enclosed space in the 
discharging process even when the number of the vanes 44 is six. 

15 The first, second, and third discharge ports 48, 49, and 50 may 
be formed with a gimlet from the outside of the cylinder 41, 
which is easier to process and requires lower cost compared with 
the conventional vane rotary expanders, in which the opening 
portion 8a of the discharge port 8 is formed on the inner wall 

20 la of the cylinder 1, enabling a vane rotary expander to be 
provided at a lower cost. 

Note that when the number of vanes is more than six, the 
same effects may be achieved by increasing the number of 
discharge ports . 

25 Moreover, by attaching the valve mechanism comprising the 
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lead valve 51a and the valve stop 51b to the first discharge 
port 48 and the valve mechanism comprising the lead valve 52a 
and the valve stop 52b to the second discharge port 49, 
respectively, the operating fluid is prevented from flowing into 
the operating chamber 45 from the discharge chamber 55 in the 
overexpansion process and the operating fluid is recompressed 
up to the discharge pressure Pd even when a variation in 
expansion ratio expected for the system, where the vane rotary 
expander is incorporated, is large. As a result, a 
high-efficiency vane rotary expander is provided without a loss 
due to overexpansion, which has been found in the conventional 
vane rotary expanders . 

Furthermore, in the case where a variation in expansion 
ratio expected for the system where the expander is incorporated 
is small, the valve mechanism comprising the lead valve 51a and 
the valve stop 51b may be attached only to the first discharge 
port 48 because overexpansion, a difference between Pd and Pc 
shown in Fig. 2 is attenuated and the recompression process is 
shorten (corresponding to the CI line in Fig. 2) . This 
eliminates the need for the lead valve 52a and the valve stop 
52b for the second discharge port 49, enabling a vane rotary 
expander to be provided at a lower cost. 

Note that for the conventional vane rotary expanders, in 
the case where the operating fluid expands into a gas-liquid 
two phase from a liquid phase or a supercritical phase, since 



the density of the operating fluid at the outlet of the expander 
varies depending on the dryness thereof, the expansion ratio 
for the expander varies sensitively with the degree of dryness 
even when the volume ratio remains constant. This is, in 
particular, likely to cause a loss due to overexpansion or 
incomplete expansion. Thus, it is clear that the effects of 
the vane rotary expander of the present invention are far 
superior to those of the conventional vane rotary expanders. 

Further, when an operating fluid containing carbon 
dioxide as a main component is used, the operating pressure 
becomes large, resulting in a large pressure difference. As 
a result, a slight change of the expansion ratio for the system 
where the expander is incorporated generates significant 
overexpansion or incomplete expansion. Thus, it is clear that 
the effects of the vane rotary expander of the present invention 
are far superior to those of the conventional vane rotary 
expanders . 

INDUSTRIAL APPLICABILITY 

As described above, according to the present invention, 
a plurality of discharge ports are formed in the cylinder in 
the circumferential direction and the discharge port is provided 
with a valve mechanism. This prevents the operating fluid from 
flowing into the operating chamber from the discharge chamber 
in the overexpansion process, enabling recompression of the 



operating fluid up to the discharge pressure . Thus, the present 
invention is suited to provide a high-efficiency vane rotary 
expander without a loss due to overexpansion, which has been 
found in the conventional vane rotary expanders. 

Furthermore, the present invention is suited to prevent 
the operating chamber from becoming an enclosed space in the 
discharging process because it communicates to at least any of 
the discharge ports, by setting the angles defined between a 
plurality of discharge ports on the inner wall of the cylinder 
to the value smaller or equal to (360/n) degrees (where n = the 
number of the vanes) and placing one of the plurality of 
discharge ports so that it contains an area in the vicinity of 
the small clearance. 

Furthermore, the present invention is suited to construct 
a high-efficiency vane rotary expander using the effects of 
recompression achieved by means of the valve mechanism while 
preventing a loss due to incomplete expansion from occurring 
by actively causing overexpansion because the operating chamber 
communicates to a discharge port immediately after the volume 
of the operating chamber reaches its maximum value to increase 
the maximum value for the expansion ratio by forming the 
discharge ports at a position of {180 x (1 + 1/n) } degrees from 
the small clearance in the direction where the shaft rotates. 



